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ore prevalence and proanuslic significance of postoperative myo-
cardial ischemia, as detected by ererctse testing, were prospec-
tively assessed in 174 patients From the Coronas Artery Surgery
Study (CABS) randomized surgical population wars bad exercise
testing before and 6 months after coronary artery bypass grail
surgery. Whereas the prevalence of symptomatic ischemia siitnif-
Icnntly decreased postoperatively (52% vs . 6'A, p c 11.0101), out
frequency of silent myocardial ischemia did not change 139"a vs .
29%) •
Survival at 12 years after bypass surgery based an the 6annnth
Coronary artery bvnass graft surgery is a well documented
procedure for relieving angina pectoris and ameliorating or
abolishing ischemia in patients with coronary artery disease
(1 .2). It provides symptomatic relief of angina in most
patients 131
; however. transient ischemia, which is often
silent . can be elicited postoperltively in up to one third of
patients who undergo provocative testing for ischemia 4-7! .
The presence of ischemia, whether or nor it is accompanied
by angina, has been demonstrated to have an adscrse effect
on survival among patients with stable (8-10) or tmst,•:cle
111.12) angina and after a myocardial infarction 117 .141 .
Whether patients who dnmonslrale posloperanve ierhemrc
episodes should he treated with drugs lot even with a repeat
revasculariration procedure depends an whether These epi-
sodes arc ass ciated with a worse pro5nosix-
The present investigation examined the prevalrnee of
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postoperative exercise (ml results was
significantly
better for the
112 patients Malay no ischemia 180%f than for the 51 patients with
silent ischemia (6SSb( or the II patients with symptomatic isch-
emia 1154 I .
'these data show that coronary artery bypass graft surgery
diminishes the overall prevalence of symptomatic but not silent
ischemia and that both silent and symptomatic ischemia adversely
affect the postoperative prognosis of these patients .
f! Am Cot[ Cardiol 1991 ;18347-81
ischemia during ex' :cise testing both preoperatively and 6
month, postoperatively in a group of well studied patients
from the Coronary Artery Surgery Study (CASS) random-
ized populafon . Long-term survival based on the results of
the b-month postoperative exercise test was then analyzed to
determine whether ischemia after coronary artery bypass
graft surgery has prognostic signilicance .
Methods
Study patients, The design, study protocol . procedures
for randomization. quality control measures and baseline
characlenstias of the patients participating in CASS have
been published previously
(15). The CASS registry com-
prises :4 .959 corsecotive pattu tis who underwent coronary
arlcrioyraph, at 14 cooperating clinical sites between 1974
and 1979 . From Ihi; registry . 780 consenting patients with at
least a 7(YY- diameter slenosis of one or more operable
vessel were rattdetmly assigned to receive medical or surgi-
cal trezrmeot at 11 participating sites
. Clinical criteria for
entry into the randomized trial included age =65 years and
either angina of Canadian Cardiovascular Society Class I or
II or no svmptmns with a well documented myocardial
infarction 13 weeks before enrollment,
11arer efegeired pertinent to tde present invesfigarion
included a standard medical history and physical examina-
tion, results of the enrollment cardiac catheterization and
maximal exercise test results at baseline and at 6 months
after randomization . All patients were prospectively fob
or3s-lam~9tsaso
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780 Ranaorrized Patients
390 (Surgery) 390 IMeMCne1
292 175%) 261 (61%)
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wait 6aseeie
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tests
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with exereee leOt
before 9141 0 months
crier surgery
Figure 1 . Study population .
lowed up at yearly intervals to ascertain health status, with
a minimum of 10 years of follow-up for each patient . Each
patient enrolled at Boston University Medical Center signed
an informed consent form approved by the Institutional
Review Board at Boston University Medical Center on June
23, 1976 .
An patients, including those assigned to the surgical
group . received medical therapy . Surgically treated patients
were advised to modify risk factors and those who devel-
oped recurrent or worsening angina during follow-up were
usually given nitrates and beta adrenergic blocking agents .
The present study group is a subset oflire 390
patients
Who were randomized to receive coronary artery bypass
graft surgery (Fig. 1). Exercise testing before randomization
within a mean time oft ays from enrollment was performed
in 292 patients (75%) ; the 174 patients (45%) who had
exercise tests before and 6 months after surgery form the
basis of this report .
Exercise testing . Although a graded treadmill exercise
test using the Bruce Protocol (16) was a study requirement,
its absence did not constitute a reason for exclusion from
randomization . The exercise test was analyzed for the pres-
ence of e1 mm of horizontal or downward ST segment
depression measured 0.08 s after the 1 point of the electro-
cardiogram (ECG) and for the occurrence of anginal chest
pain either during exercise or during recovery . Silent myo-
cardial ischemia in this report was defined as the presence of
ischemic ST depression without anglnal chest pain during
exercise testing.
Cardiac catheteeization- Selective coronary arteriogra-
phy and left ventriculegraphy were performed in all patients
according to a common protocol . Angiographic require-
ments for participation in the randomized trial included the
presence of clinically important, operable coronary artery
disease, which was defined as a 470% narrowing of the
luminal diameter in the te0 anterior descending, left circum-
flex or right coronary artery or their major branches or a 50%
to 70% diameter narrowing of the left main coronary artery .
A left ventricular wall motion score (range, 5 to 30) was
calculated on the basis of a subjective grading of the left
ventricular wall motion from the right anterior oblique
projection of the left cineventriculogram, as previously
reported (15).
1ACC Vet . 18. Na. 2
August 1991 :3419
Table 1. Entry Characteristics of Patients With and Without a
Baseline Exercise Test
0 < o.ot . An values up. . . pereart or mtierm . CCS - Canadian
Cerdiorasceler Society: CHF = congestive heart Felon: LV = tea seem,
at.
; MI = myocardial infanion .
Statistical analyses. Group differences at baseline were
assessed by the chi-square test for discrete variables and by
the two-sample f test for continuous variables . Survival
curves were calculated with the life-table method and dis-
play all-cause mortality carried out to 12 years of follow-up .
The log-rank statistic, computed from all the follow-up data,
was used to assess the statistical significance of the observed
differences among survival curves of the three patient groups
(17),
Results
Sntgical results Operative mortality and periopetative
myocardial infarction rate were 1 .4% and 6 .4%, respec-
tively, for the patients in the CASS randomized trial who
were assigned to receive coronary artery bypass graft sur-
gery- Complete revaseularization of a8 slenosed coronary
artery vessels was attempted in every patient . The average
number of bypass grafts placed was 2 .7/patient. Repeat
coronary artcriography, performed in a small unselected
group of patients within 60 days of operation, revealed a 90%
graft patency rate .
Entry eharacterirrivs (Table I). The 216 randomized sur-
gical patients who did not undergo exercise testing prenper .
alively and at 6 months postoperatively differed only in the
number of diseased coronary vessels at baseline from the 174
randomized surgical patients who underwent exercise test-
ing and who formed the study group (Table I) . Although the
group undergoing exercise testing had more severe coronary
artery disease at baseline, their survival rate at 12 years was
Varubk
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Table 2. Baseline Characteristics of 174 Patients Based on the
Preoperative Groups
'p c 9 .01 versus group 1 . Ail valves rcpeasenr pets
n1 or saaenls-
A66reviatians as in Table t .
almost identical to that of the group that did aoi undergo
exercise testing (757 vs . 76%, respeciisety, p = 0 .86).
Patient groups (Tables 2 and 31
. The 174 study patients
were classified into three groups on the basis of the preoper-
alive exercise test results
. Group I (silent ischemiei con-
sisted of 52 patients with A I mm ischemic ST depression but
without angina during the test, group 2 (symptomatic loch-
ernia) comprised 90 patients who had bath ischemic ST
depression and angina and group 3 (no ischemia) consisted of
32 patients who had neither ST depression nor angina .
The baseline demographic
. clinical, apgiographlc and
exercise test characteristics among the three groups of
patients preoperatively are shown in Table 2 . The three
groups were similar with respect to age . gender, severity of
congestive heart failure, number of diseased coronary yes
.
sets . left ventricular score . left ventricular end-diastolic
pressure and the final exercise stage achieved . Group I
patients had less severe angina and a higher prevalence of
prior myocardial infarction compared with group 2 patients
.
Thirty-seven percent of group I patients had no history of
anginal symptoms compared with 77, of group 2 patients
(p < 0 .01)
. Postoperatively, the three groups of patients did
not differ in any important baseline characteristic (Table 31 .
Prevalence of ischemia at 6 months . Among the 174 study
patients, 30% were in group I (silent ischemial at baseline
and 29% were in this group at 6 months. By contrast . the
frequency of patients in group 2 (symptomatic ischemial
decreased from 5299 preoperatively to 6`,i postoperatively
(p < 0.001), and the percent of patients in group 3 (no
ischemia) increased from 18% preoperatively to 65% post-
At robes raleosere percent of pellents. Abbreviations as in Table I .
operatively (p < 0.001)
. Thus, although the percent of
patients with silent ischemia (group 1) during exercise testing
did net change postoperatively, the frequency of sympto.
matic ischemia {group 2) decreased significantly and the
percent a
patients withaut ischemia (group 3) increased
significantly .
When the 52 patients with silent ischemia during preoper-
ative exercise tc .ling were analyzed separately, the majority
154%) showed no ischemia during the postoperative exercise
test but 409 continued to have signs of silent ischemia (Fig.
21
. Of patients with symptomatic ischemia preoperatively,
figure 2 . Results of ehercise testing at 6 months postoperatively
among l he 52 patients with silent ischemia (group 1),90 patients with
,yvlrturnalic ischnnia (group 2) and 32 patients with no ischemia
lprnup 31 PreoPeralicdy .
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'table 3. Basehnt Characteristics Based on the 6-Month
Fuslopelntive Groups
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Table 4 . Patient Groups at Baseline and at 6 Months and 18
Months Postoperatively
BmoSaa 6 Months 18 Months
croup No
.
ck No, P No
.
ek
Group 1 45 33 43 31 55 40
(silent Ischemiat
Group 2 70 51 8 6' 6 4'
Isympwmalic ischemia)
Graup3 22 16 86 63' 76 56-
(in, is-nnial
'p a 0.01 versus baseline. All data are expressed as number and percent
of patiems.
64% showed no ischemia at 6 months, whereas 27% had
silent ischemia (Fig . 2)
.
Results of exercise testing at 18 months (Table 4). One
hundred thirty-seven patients underwent exercise testing
before and at 6 and 18 months after coronary bypass surgery.
By 18 months . 40% of the study group had evidence of silent
ischemia and 4% and 56%, respectively, had symptomatic
ischemia or no ischemia (both p < 0.01 compared with
preoperative exercise test groups) .
Long-term survival. The 12-year cumulative survival rate
based on the 6-month exercise test groups was significantly
higher for patients in group 3 (80%) than for patients in group
I (6855) or group 2 (45%) (Fig . 3) . Repeat coronary artery
bypass graft surgery during the follow-up period wcs per-
formed in 10% of group I patients, 21% of group
2 patients
and 9 % of group 3 patients (p = NS) . Percutaneous trans-
luminal coronary angioplasty was performed in 6% of group
L 4% of group 2 and 6% of group 3 patients (p = NS).
Discussion
Survival after coronary bypass surgery. The prognosis of
patients after coronary artery bypass graft surgery depends
on many factors, most prominently left ventricular function
and graft potency ((8-20)
. In a previous study (21) using data
)ACC Vol . 18. No . 2
Aogun 1991 .343-8
from the CASS registry, we found that the final exercise
stage achieved during exercise testing before
operation and
the preoperative left ventricular wall motion score were
independent predictors of ,trvival after coronary bypass
surgery . Postoperative exercise testing was not performed in
that study . Because many procedures, including angioplasty
of occluded grafts (22,23), are being performed to treat
patients with postoperative ischemia, it is important to
determine whether the precipitation of ischemia during pro-
vocative testing postoperatively has prognostic significance.
Prevalence of postoperative iebemis . Of the 36% of pa-
tients who had ischemia during a 6-month exercise test
postoperatively . 82% (51 of 62) did not have associated
angina. At 18 months postoperatively, there was a 44%
prevalence of ischemia, which was silent in 90% (55 of 61).
The 36% prevalence of postoperative ischemia at 6 months
in our study is similar to the 28% prevalen _e rate found by
Dubach et a1. (6), who performed exercise testing in 296
patients. Using the ambulatory ECG monitor to assess
postoperative ischemia, Kennedy et al . (7) found a fre-
quency of 27% at 12 months . Among the 50 patients mani-
festing ischemia, only I patient had associated angina .
Egstrup (5) determined that 33% of 36 patients who under
went coronary bypass graft surgery for chronic stable aryina
showed ischemia during ambulatory ECG monitoring at 3
months postoperatively . All the episodes of ischemia were
silent .
One postulated reason (24) for the development of silent
rather than symptomatic ischemia in some patients is that
silent ischemia occurs in patients who have a lesser amount
of ischemic myocardium. Our results showed that 27% of the
90 patients who demonstrated symptomatic ischemia during
preoperative exercise testing had silent ischemia during
exercise testing6 months after coronary bypass surgery . It is
possible that these patients had incomplete revascutarication
despite a lesser amount of ischemic myocardium postoper-
atively, although we do not have extensive postoperative
catheterization data to support this hypothesis .
Figure 3. Cumulative survival rates for patients in
goons I, 2 and 3. The numbers in parentheses refer
to the number
of patients who were alive and fol-
lowed for a particular time period . The 12-year
survival rate was significantly better for group 3
compared with group I or 2 . ST J = ST depression.
0 ACC Vol. '8 . Na. 2
Augmt t971 :34t-8
Pregnnskorpostoperativetsebemia . Previous studics125-
27) on the usefulness of postoperative exercise testing to
predict coronary graft status have shown a poor correlation
between the ST segment changes and graft patency . One
recent study (6) found that ischemic ST depression during
postoperative exercise testing was not associated with a
higher risk of aeath or infarction . The metabolic equivalent
(MET) level achieved on the treadmill exercise protocol was
the only exercise variable predictive of adverse prognosis .
That study (6) was limited by the long time frame that the
exercise test was performed after coronary bypass surgery
(mean, 4 .2 ± 3 .8 years) and the short period of follow-up
(2 years) .
The present study incorporated a prospective design in
which patients were exercised 6 months after surgery and
then followed for -
.
1 12 years. Our results documented
that both silent and symptomatic ischemia during exercise
testing 6 months postoperatively had an adverse effect on
lung-term survival . These results support a recommendation
that postenerative ischemia with or without associated an-
gina should be treated vigorously with anti-ischemic medi-
cations and, if these are unsuccessful, possibly with revas-
cularization to try to improve the prognosis . However ,
prospective, randomized studies are needed to determine
whether treatment of postoperative ischemia does alter
prognosis .
A previous study (28) of CASS patients w ;lh silent
myocardial ischemia during exercise testing indicated tha .
the survival in subsets of patients with severe coronary
artery disease and abnormal left
ventricular
function ap-
peared
Its
	
enhanced by coronary artery bypass graft
surgery . However, that report analyzed patients who were
enrolled in the CASS registry study and who had preopera-
tive silent ischemia. whereas the present study evaluated the
prognostic significance of postoperative
ischemia among
patients enrolled in the CASS randomized study .
Earlier studies (4,5,71 using the ambulatory ECG monitor
to evaluate postoperative ischemia have yielded conflicting
results . Crea et al . (4) found that, after coronary bypass
surgery, the results of the ambulatory ECG monitor did not
improve the sensitivity of exercise testing in identifying
patients with angiographicatly incomplete myocardial revas-
cularization . Kennedy et al . (7) reported that ambulatory
ECG-detected silent ischemia during the 1st year after
bypass surgery was not associated with an adverse progno-
sis . In contrast, Egstrup
(5),
utilizing the ambulatory ECG
monitor 3 months after bypass surgery in 36 patients with
chronic stable angina, found that ,symptomatic myocardial
ischemia was correlated with a significant curaulativc prob-
ability of cardiac events. Multivariate analysis of II varia-
bles showed that silent ischemia was the mast powerful
predictor of cardiac events .
Limitations. Although exercise testing was part of the
CASS protocol, it was not performed in 25% of :he r-andom-
ized surgical cohort preoperatively or in 55% of the cohort a!
6 months postoperatively
. Comparison of patients who did
WEINER ET
AL.
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or did not undergo exercise testing failed to reveal suhsran-
tial survival differenLes,
Because repeat cardiac cathelerization was not per-
formed in the majority of patients at 6 months postupera-
lively, we cannot determine the mechanisms responsible far
the development of postoperative ischemia.
Current surgical revascutarization techniques are dif-
ferent from the procedures used during the CASS random-
ization period . Greater use of internal mammary arteries as
conduit vessels 129) and the widespread utilization of plate-
let-inhibitor medications (30) after coronary bypass surgery
during the past few years would probably reduce the prev-
alence of postoperative ischemia compared with our results
from > 10 years ago .
Clinical implications, The presence of provocative isch-
emia, whether documented by exercise testing or by ambu-
latory ECG monitoring, is associated with an adverse prog-
nosis among patients with stable or unstable angina pectoris
or after a myocardial infarction. Our results extend these
findings to the postoperative patient and suggest that post-
operative ischemia, when documented by exercise testing, is
also associated with higher risk and is present in a substan-
tial percent of postoperative patients. Whether this addi-
liona : :Esk can be lowered by medications or by revascular-
ization procedures is uncertain and should be evaluated by
prospective, randomized trials .
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